projections to the cortical structures, and particularly to the frontal cortex [lo] . Earlier studies have shown that the cortical cholinergic hypofunction characteristic of A primarily due to degeneration of the nbm [2] . different brain areas and transmitter systems is acterized in ml.
The aim of this study was to determine whether exerts neurotoxic effects on the neurons of the causing degeneration of the ascending cholinergic projections to the cortex, followed by neurochemical alterations similar to those observed in AD. Since the cortex has only a limited number of intrinsic cholinergic neurons [IQ] , the effects of PAP injected into the nbm can be studie directly in frontal cortical samples. In in vivo experime we measured the acetylcholinesterase (AChE, EC 3.1.1.7'1 and choline acetyltransferase (ChAT, EC 2.3.1.6) activities and the binding parameters of the muscarinic acetylcholine receptors (mAChR) in the frontal corticcs of rats. We also employed a silver staining method specific for neurodegeneration [5] to visualize neurodegenerative processes in cortical sections after PAP treatment.
Human PAP was synthesized with amide at the Cterminal by a solid-phase technique involving BOC &em-istry. Peptide chains were elongated on MBHA resin (O-6-0.8 mmol/g) and the syntheses were carried out manually. Couplings were performed with dicyclohexylcarbodiimide with the exception of Asn, which was incorporated in HOBt-ester form. The Boc group was removed by treatment with 50% trifluoroacetic acid (TFA) in CH2C12. After completion of the synthesis, the peptide was cleaved from the resin with liquid HF. Free peptides were solubilized in 95% TFA, filtered and lyophilized. The crude peptides were purified by RP-HPLC on an Astec-300 5 C, column. The purity was checked by RP-HPLC on a WPorex 5 C, column, Amino acid analysis demonstrated the expected amino acid composition and electrospray mass spectrometry (ES-MS) gave the expected molecular ion.
Male Sprague-Dawley rats (140-160 g) were caged and kept on a normal diet and tap water ad libitum, in an air-conditioned room with a 12-h daylight cycle (light on at 07.00). They were anesthetized intraperitoneally with 6% Na-pentobarbital, and their heads were fixed in stereotaxic equipment. Three ~1 of 0.2 nmol/@ PAP was injected slowly (N 0.15 pl/min) into the right nbm (AP -2.0 mm, lat. 3.5 mm, vent. 5.5 mm [17] ) with a Hamilton microsyringe. Although the volume of PAP solution is slightly larger than used previously by others [6, 12, 13] , it was necsssary for the complete destruction of the nbm. The /SAP was dissolved in 30% acctonitrile containing O.l% TFA. The contralateral frontal corticcs of PAPtreated animals were used as control areas from the same individuals. Control rats were kept under normal conditions without any operative insults, while sham-operated animals received 3 ~1 of organic solvent only.
For biochemical measurements, Bnimals were decapitated after a 14-day survival time ar.:.G the ipsi-and contralateral frontal cortices were removed. One set of cortical samples was frozen at -20°C for receptor binding experiments, while the others were kept on ice and used immediately for determination of enzyme activities. AChE activity was measured by the spectrophotometric method of Ellmann et al. 131. Acetylthiocholine (ACThCh) iodide was used as substrate. To inhibit nonspecific cholinesterase activity, ethopropazine-HCl (10m4 M) was added to the incubation mixture. The activity of AChE was expressed as nmol of ACThCh hydrolyzed/min/mg protein, as measured spectrophotometrically at 412 nm, ChAT activity was determined by the radiochemical method of Fonnum 141. The final concentrations in the incubation mixture were: 0.6 mM [14C]acetyl-coenzyme A, 300 mM NaCl, 50 mM Na-phosphate buffer (pH 7.4), 10 mM choline-HCl, 20 mM EDTA and 0.1 mM physostigmine sulfate. The in a total volume of 1 ml of 50 mM Na/K-phosphate buffer (pH 7.4 at 25°C) in the presence or absence of 1 PM atropine sulfate. Bound and free ligand were separated by rapid filtration of the mixture under vacuum through Whatman GF/C glass filters, which were then washed by 3 X 5 ml ice-cold physiological saline, The radioactivity on the filters was counted in a liquid scintillation counter at an efficiency of 44%. Receptor binding parameters (K, and B,,,) were analyzed by using a non-linear regression program for an IBM AT (GraFit 3.0, Erithacus Software, Staines, Middlessex, UK).
The protein contents of the samples were measured by the method of Lowry et al. [14] , with bovine serum albumin as standard, Statistical analyses were performed by Student's t-test (Excel 5.0, Microsoft Co., Redmond, WA, USA). A P value less than 0.05 was considered significant.
For histochemistry, all rats were deeply anesthetized with 6% Na-pentobarbital and perfused transcardially with 50 ml of heparinized physiological saline followed by 300 ml of fixative containing 3% pnraformaldehyde (PFA) and 0.2% picric acid. Brains were cryopratected overnight in 30% buffered sucrose. Twenty-pm thick coronal sections were cut on a cryostat microtome and collected in phosphatembuffered saline, was performed by a modified method of Briefly, cortical sections were pastfixed FA, then pretreated in a solution of 2% NH,QH, followed by impre mixture containing 0.5% AgNOj, 0.8% NaOH and 2.5% NNJX=L After the sections had ken rinsed several times in a solution of 0.01% NH,NO, and 0.5% Na,CO, in 30% ethanol, staining was developed in a solution contain-(.X01% citric acid, 0.5% formaldehyde and 10% ethanol. After washing of the sections several times in 0.5% acetic acid, the reaction was stopped with Na,S,O,. @..P injections into the nbm resulted in a significantly (p < 0.05) decreased AChE activity in the ipsilateral frontal cortices as compared to the control group (16.38 &-2.2 vs. 21.97 f 4.5 nmol/min/mg protein; Fig. lA A silver histochemical procedure specific for neurodegeneration revealed extensive fiber degenerations in the frontal cortex after PAP treatment, as compared with both sham-operated and control animals ( Fig. 2A-C) . In response to the organic solvent in sham-operated animals, some degenerating neurites were observed ipsilateral to the injection.
In summary, our results clearly demonstrate that PAP exerts neurotoxic effects on the cholinergic neurons of the 
